1. Background {#sec1-1}
=============

Most of our knowledge about functional analysis of human genes and proteins has obtained via studying the so-called model organisms ([@ref1]). Animal models have been used to evaluate the role and function of genes, genetic diseases and mechanisms of their progressions, and the efficacy of drugs ([@ref2]). Transgenic animals have been produced in different species including nematodes, flies, birds, frogs and zebra fish ([@ref4]). Rodents and more specifically mice have received greater attention in modeling human diseases, mainly due to high genetic similarity between the two ([@ref5]). Additionally, short regeneration time, large numbers of offspring in each generation, ease of manipulation and low maintenance costs of rodents have contributed to the fact that they become models in developmental studies, and functional analysis of genes ([@ref6]). Animal transgenesis and looking for the probable micro-/macro-phenotypes is being considered as a functional analysis tool.

To transfer an exogenous gene into mouse, micro-injection of DNA into the pronucleus of male zygotes and use of embryonic stem cells are the methods of choice ([@ref8]). In the pronuclear microinjection method, the common approach, fine needles are being used for DNA transfection. The DNA will be integrated randomly into the genome and most often multiple copies of the same DNA are followed each other in a tandem fashion ([@ref9]).

Embryonic stem cells are generally being used to produce loss-of-function mutants ([@ref8]). Through which and following cell transfection, a recombinant gene construct finds its way into the genome, most likely through homologous recombination. The cells will be developed into blastocyst that can be placed in uterus (oviduct) of the receptive mother, which eventually leads to the birth of a chimeric mouse. Chimeric mice have a combination of cells that are heterozygote for the candidate gene. In following breeding generations, mutants can be obtained that are homozygous for the gene of interest ([@ref10]). Other less frequently used techniques to generate transgenic mice are; the use of spermatogonia stem cells and nucleus transfer ([@ref6]).

2. Objectives {#sec1-2}
=============

Animal transgenesis is greatly dependent on lab facilities and technical individuals that are involved. On the other hand, due to being time-consuming and cost-effective it would be better to define which technique promises better results. Here, the morula aggregation and blastocyst microinjection have been discussed, addressing their strengths and weaknesses.

3. Materials and Methods {#sec1-3}
========================

Mitomycin C, Genticin, Penicillin, Streptomycine, Neomycin, M16 and M2 media, Plasmid purification kit, Tyrodes acid and leukemia Inhibitory Factor were purchased from Sigma (Germany). PMSG (Folligon) and hCG (Chorulon) were purchased from MSD Animal Health (New Zealand). DMEM, FCS and trypsin was obtained from Gibco BRL (France). RNA and DNA extraction kits were bought from Intron (Korea). Endofree Plasmid Maxi Kit was purchased from Qiagene (USA). High Pure PCR Purification Kit was from Roche (Germany). EW and R1 embryonic stem cells and *pEGFP-C1* were kindly donated by Dr. Karim Nayernia at Institute of Molecular Medicine and Cell Therapy, Düsseldorf, Germany and GENEOCELL, Canada.

To generate knockout mouse, ES cells were cultured and electroporated with the gene targeting vector. The genetically-modified cells were selected and transferred into embryos. The modified ES cells along with the cells of embryo were used to produce chimeric mice. Crosses between the chimeras and wild type mice were resulted heterozygous offspring.

3.1. Embryonic Stem Cell Culture {#sec2-1}
--------------------------------

EW and R1 cells were defrosted and co-cultured with inactivated MEF cells. Microscopic and expression analyses (cellular markers including *Oct4, Nanog* and Klf4 via RT-PCR) were revealed that the cells were stem cells.

3.2. Transfection of Embryonic Stem Cells {#sec2-2}
-----------------------------------------

*pEGFP-C1* was used to transfect the embryonic stem cells. The plasmid contains GFP, neomycin resistance gene and *G418*. Endofree Plasmid Maxi Kit was used to purify the plasmids according to the manufacturer's protocol. The plasmid was linearized with *Apa*II and gel purified with High Pure PCR Purification Kit.

ES cells (10^7^) were put in DMEM media for electroporation. Linear construct DNA (30 μg) was added to the cells and the mixture was transferred to a 0.4 mm cuvette for 5 min at 22 °C and transfected by electroporation (Bio-Rad, United State). The cells were transfected in the following setting: 250 V, 500 μF for 7 ms. The cells were added to gelatinized plates after 5 min incubation at 22 °C ([@ref16]).

3.3. Selection of the Appropriate Cells {#sec2-3}
---------------------------------------

Following transfection, the transfected embryonic stem cells were allowed to grow for 48 h. Dead cells were washed off and live cells were selected in a medium containing Neomycin and Genticin (400 μg.mL^-1^). For the first 5 days of culture, subcultures were carried out on a daily basis. In subsequent days, the subcultures were carried out every other day. By day 6, resistant microscopic colonies were grown. After 10 days, clones become visible. Every clone was transferred to 24-well plates containing nutrient layer of inactive MEF according to ([@ref17]).

3.4. Morula and Blastocyst Formation {#sec2-4}
------------------------------------

At 1 pm at day 1, 8 IU PMSG was injected intraperitoneal to four-week old female mice (10-15 NMRI strain). Ovulation of female mice was induced by intraperitoneal injection of 8 IU of hCG after 46-48 h (three days). The mice (female and fertile male NMRI strain in 1:1 ratio) were allowed to mate. In the following day (day 4), the success of mating was confirmed with the presence of vaginal plug (VP). Finding vaginal plug is a sign of 0.5 day pregnancy. Morula and blastocyst were isolated from 2.5 and 3.5 day old pregnant mice, respectively. Donor mice were euthanized by neck dislocation. The abdomen was opened and following hysterectomy, embryos were collected and washed from uterine horns using M2 media. Embryos were examined microscopically. Suitable embryos were transferred to M16 media and kept in an incubator (37 C, 5% CO~2~) ([@ref18]).

3.5. Blastocysts Microinjection {#sec2-5}
-------------------------------

Trypsin was used to separate each transfected embryonic stem cell for both EW and R1 cell lines. M2 media (25 μL) was placed in the center of a microscope dish and covered with mineral oil, 10 blastocysts was added to one side and 1-2 μL of ES cells were added to the other side of the M2. ES cells ([@ref8]) were taken by needle and transferred into the blastocoel cavity via injection. Following injection, blastocysts were transferred to M16 drops and incubated for 1 h in CO~2~ incubator at 37 °C. The resulting blastocysts were transferred into the uterus of pseudopregnant 2.5-day old mice by using Sangar methods ([@ref19]) (**[Fig. 1](#fig001){ref-type="fig"}**).

3.6. Morula Aggregation {#sec2-6}
-----------------------

Sterile needle was used to drill wells at the bottom of a 3-cm cell culture plate. M16 medium was poured down each well. To minimize evaporation, the droplets were covered by mineral oil. The plate was incubated in a CO~2~ chamber for 1-3 hours before use. Morulas were washed in M2 medium. For morula fusion, removal of zona- pellucida is necessary. For this purpose, isolated morula was placed in droplets of Tyrode's acid solution on a 10 cm plate and zona was removed. Naked morula was washed with M2 media. The embryos were transferred to the wells mentioned above. Transfected embryonic stem cells of both cell lines EW and R1 were trypsinized and neutralized by ES medium. Cells were separated by a gentle sucking the liquid up and down with a pipette. In each well, initially one morula was placed and ES cells were put next to the first morula and on the other side of the ES cells another morula was placed to form a sandwich Morula-ES-Morula. Plate was transferred to CO~2~ chamber at 37 °C and incubated for 24 h where it remained until Morula-ES-Morula set joined together and converted into blastocysts. The resulting blastocysts were transferred into the uterus of recipient mice.

To evaluate the effect of zona removal, 64 morulas were checked. In each well 2 morulas were placed to fuse together. Blastocysts (30 out of 32) were formed and transferred to the recipient mice similar with chimeric embryos after 24 h ([@ref20]).

3.7. Transfer to Recipient Mice {#sec2-7}
-------------------------------

Chimeric blastocysts ([@ref8]) were transferred to the uterus of pseudo-pregnant NMRI mice. The offspring were analyzed both phenotypically and genotypically (using PCR to detected *eGFP*) to determine the success rate. Since each strain have different colors (EW and R1: black and NMRI: white), in the black background patches of white color and vise versa were indicative of chimera production.

4. Results {#sec1-4}
==========

4.1. Embryonic Stem Cell Culture and Transfection {#sec2-8}
-------------------------------------------------

Microscopic and expression analysis of cultured cells before and after transfection were pluripotent in both cell lines. Phenotypic changes of transfected embryonic stem cells were evident with a fluorescent microscope after two days. Furthermore, they were able to grow in the presence of Geniticin (4 out of 20 clones). No differences were obtained between different cell lines in transfection efficiency and pluripotency **([Figs. 1a and b](#fig001){ref-type="fig"})**.

4.2. Morula Fusion and Blastocyst Formation {#sec2-9}
-------------------------------------------

Morulas (110 cells) were used in 50 sandwiches with ES cells and produced 48 blastocyts. The blastocysts were monitored under fluorescent microscope and EGFP expression was noted in parts of ICM (80%). The results were indicative of the efficiency of sandwich method (**[Fig. 1d](#fig001){ref-type="fig"}**). Furthermore, blastocyst trophoectoderm cells were rarely showed any sign of GFP expression.

4.3. Chance of Implantation and Growth of Manipulated Embryos {#sec2-10}
-------------------------------------------------------------

Pregnancy data were indicative of lower percentage rate of gestation in female mice receiving the fused morulas. The chance of gestation significantly dropped to 41%.

4.4. The Results of Fusion Morula {#sec2-11}
---------------------------------

The sandwich method technique of producing blastocysts from morula was successful. Out of 110 morula + ES cells, 48 blastocysts were formed that resulted to the production of 5 chimeric mice (**[Table 1](#table001){ref-type="table"}**). None of which were Chimeric R1 and the success rate in EW was 21.75%.

4.5. Microinjection into Blastocysts {#sec2-12}
------------------------------------

Blastocysts microinjection and blastocysts formation were suggestive of the success of the procedure. Out of 50 microinjected embryos, 36 blastocysts were formed and resulted in the birth of 8 chimeric mice. No chimeric mouse was born from R1 cell line and the success rate in EW was 63%. The presence of eGFP was checked via PCR. The chimerism rate was 0-75%. Furthermore, no correlation was noted between the chimerism rate and testing method.

5. Discussion {#sec1-5}
=============

Two main techniques for chimeric mice production are microinjection of modified ES cells in to 3.5 day blastocyst and morula aggregation that leads to the production of new blastocyst with two cell lines. These techniques need trained operators and therefore the success rate is closely dependent to the operator and environmental situation ([@ref14])

Successes rate of chimeric production is highly dependent on the cell line and clones that are being used. Some embryonic stem cell lines have low developmental potential towards production of chimeras ([@ref22]). Optimal conditions should be provided in cultured cells to keep differentiation potential of embryonic stem cell. If culture conditions set to be optimal, chromosomal rearrangements and mutations will be likely to happen ([@ref23]).

Despite the high production rate of chimeric mice in EW ES cells, similar results were not obtained for R1 clones. Chimeric embryos produced by R1 lines, found to be dead after transfer.

Out of 13 chimeric mice, 2 of them demonstrated over 50% chimerism rate, while other 11 had less than 50%. In all these cases, it seemed that the injection of embryonic stem cells was gender-independent and were close to the natural ratio of 1:1.

Because of increased permeability of embryos, removal of embryo zona pellucida made it sensitive to environmental factors ([@ref24]). Despite the fact that embryos with zona pellucida can be cultured, a reduced survival rate can be seen in embryos without such layer. This lower survival rate might be due to the toxins released from the needles or the wells of culture plate. Additionally, more permeability of naked blastocyst can be considered as the other factor that puts the survival rate under pressure. The success rate of embryo transfer in embryos not covered with zona is being reduced greatly and therefore most of the pregnancies will be failed ([@ref3]).

Tam and Rossant *et al.* (2003) reported that blastomeres of 2-8 cell embryos are the best choice for blastomere transfer. The best result that reported was 25% in morula aggregation and 40% in blastocyst microinjection ([@ref25]).

One known feature of female mice, especially in the first pregnancy, would be eating of their own children that are mainly determined by the number of newborns. If the numbers of newborns are low, females tend to kill and remove them to make themselves ready for re-copulation. Therefore instead of introducing 10 embryos obtained from blastocyst microinjection to female mice, here and for the morula aggregation it is being recommended that 20 embryos to be transferred. An alternative technique in morula aggregation would be to take advantage of using so called "helper embryos" with manipulated embryos.

6. Conclusions {#sec1-6}
==============

Quality of the cells is the most decisive factor in the success or failure of obtaining chimeric mice from embryonic stem cells. In low quality cells, either the embryos won't survive or the chimerism rate will be low. In cases where the quality of embryonic stem cells are low, blastocoel microinjection would be the method of choice ([@ref17]).

In summary, monitoring of cells capable of colonizing into chimeric animal can be performed in blastocyst injection as opposed to morula aggregation. This can result in the reduction of chimera quality, particularly for higher-passage. Furthermore, blastocyst microinjection is somewhat more sophisticated than morula aggreagation since it needs both professionals and specialized equipment ([@ref26]). Thus, blastocyst microinjection is the method of choice, if the required instruments and relevant facilities are provided. Otherwise, morula aggregation can be pursued. Despite the high efficiency of micro-injection, this method requires relatively expensive equipments.
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![a) embryonic stem cell culture next to inactive MEF cells, b) bulk of embryonic stem cells after transfection and expression of GFP, c) microinjection into blactocell cavity, d) morula fusion, e) chimeric blastocysts that express GFP, f) Chimeric mice.](ijb-2018-03-e1632-g001){#fig001}

###### 

Implantation rate of blastocysts with different modifications.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Type blastocyst / morula                 Early embryo   The number of embryos transferred after manipulation   The number of births born   The proportion of births / transfer   The chimerism   Gender ratio of births (Male:Female)   
  ---------------------------------------- -------------- ------------------------------------------------------ --------------------------- ------------------------------------- --------------- -------------------------------------- --------
  Not manipulated                          42             42                                                     36                          85%                                   0               50-50                                  

  Removal of the zona pellucida            32             30                                                     12                          85%                                   0               50-50                                  

  The melding of morula                    44             19                                                     6                           32%                                   0               35-65                                  

  morula- fusion of embryonic stem cells   110            48                                                     23 (EW Strain)\             5\                                    21.75%\         0-75%\                                 50-50\
                                                                                                                 25 (R1 strin)               0                                     0               0                                      0

  Blastocyst injection                     50             36                                                     13 (EW strain)\             8\                                    63%\            0-75%\                                 50-50\
                                                                                                                 23 (R1 strain)              0                                     0               0                                      0
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
